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' OK THE POSSIBLE CAUSE OF CHANGES IN THE 

SUN-ATMOSPHERE RELATIONSHIP 

/Following is the translation of an article by 

L.A.Vitel«s entitled "0 Vozmozhnoy Prichine 

Ismeneniy Solnechno-Atmosfernykh Svyazey" 

■'"(English version above) in Meteorologiya i Gidro- 

logiya (Meteorology and Hydrology), No 7, Moscow, 

July I960, pages-." 9-13./- 

Many investigators who,have studied the relationships 

of various atmospheric phenomena with solar activity have 

noted that these relationships do not remain constant. In 

the course of a long period of years they can be characte- 

rized by a very high positive correlation coefficient. 

Then comes a time span when the sign.of the relationship 

becomes inverse? yet even a negative correlation coefficient 

of ten-hae values 'which are .indicative of a very _-.close-re- 

lationship. And then once again a direct relationship can 

be observed. Such changes can be repeated several times over 

different time intervals; sometimes, though, the relationship 

becomes completely unintelligible» 

Naturally,, such alternating character of relationships 



' oaa introduce ■ a groat uncertainty, and this fact has been 

employed by scientists who are sceptical about heliogoa« 

physieal relationships as an argument against t,h© reality 

of such relationships, 

Walkerfs, K.th Fedorov!.-:, and particularly ?yiuB Visa
J G 

•investigations have in a significant degree clarified this 

. problhena It has been demonstrated that stm^atnosphero rela- 

tionships do not have to possess a universal,' unchangeable 

character, Autonomie development of processes in terrestrial 

atraosphere leads to a situation where a reaction of the 

latter, to fluctuations of solar activity can bs different 

at different tines and in different regions of the earth* 

The »law of the accentuation of the baric field", clearly 

formulated 'by  Vise, has furthered greatly the investigation 

of hellogaophysical relationships? hovaver, even ho could 

not explain the total heterogeneity of these relationships. 

It should be emphasised that It has been established in 

several investigations, carried out in recent roars« that 

fluctuations of solar activity are reflected not only la 

the intensity of atmospheric circulation (as it .follows 

fron the lav; of accentuation), bat as well in the type of 

circulations while the relationships of types and intensity 

of circulation with solar activity change with the course 

of tine* An at least qualitative explanation of the causes 

*? 



underlying the in'.dicated changes: in relationship becomes: 

'therefore most essential for heliogeophysies» 

In the present article a hypothesis is introduced 

which purports to explain a/ principal possibility of changes:; 

of the character of sun-atmosphere relationships» 

The considerations stated "below do not in any degree 

pretend to be final and are based upon a theoretical model 

of the mechanism of heliotropospheric relationships, construe 

ted by L.P». Rakipova /5f6/» 

According to Rakipovafs;' system■, atmosphere'above., tro- 

pospheric cyclones and anticyclones is. divided into several 

layers with the circulation sign alternating from layer to 

layer» 

In the lower stratosphere an anticyclone is located 

above the cyclonef higher, a layer with a cyclonic character 

of circulation^ still higher «again an anticyclone,and so 

forth* All the circulation wheels are interconnected into a 

single mechanism* The distribution of circulation wheels 

above the anticyclone is inverse to the cyclonicf that is^a 

cyclone is located above an anticyclone, and so forth* ! 

We. shall not currently'examine all the details of this 

system.. From our point of view (shared also by Rakipova) it 

is hardly possible to speak about one universal system* At 

a different time, or even- at the same time in different re- 

gions of the earth,a different stratification of atmosphere 



can take place. The principal Idea of Eahieova's system is' 

of major importance, namely the alternation of layers with 

different circulation signs« This system permitted the expla- 

nation of the variauility, established earlier üy me author 

'/V, ' of influence of solar activity on'cyclones and anti- 

cyclones* 

The warming up of some layer of the upper atmosphere 

at the expense of the energy of solar corpuscles causes in 

this layer a rise of isobaric surfaces and anticyclonic 

circulation* If, for instance, an even numbered layer is 

warmed up (counting from the bottom, starting at %'m  tropo- 

sphere), afcove the cyclone this layer is characterised by 

anticyclonic circulation; consequently, this circulation is 

■ strengthened as well as the circulation of adjacent layers» 

All of this leads to the deepening of the tropospheric 

cyclone, 

A'reverse situation will occur'above .the anticyclone if 

the even layer is characterised by cyclonic circulation» The 

warning up of this layer,' making a tendency to anticyclonic 

circulations will suppress, cyclonic rotation«- Vertical move- 

ments (and, connected with thera, horizontal movement) in ad ja» 

cent layers will weaken correspondingly» This will lead to 

a weakening of the total vertical complex of interconnected 

-circulation wheels and, finally, to a weakening of the tro- 

pospheric anticyclone«. 



xnuSj ins-üoaa or a sinpie accentuation of circulation 

at the time of the outbursts of solar activity we can ob- 

serve a more complex situation when cyclones become stronger 

and anticyclones weaker or vice versa». 

llextjj deduct ion fror, Bakipova's 'system /$/  entails the 

fact that the canning up of an odd layer causes an ©fleet that 

is opposite to the effect observed in the "warning up of the 

even layer«, This is an important deduction and it is taken 

as-a basis for further deliberations«' 

Solar corpuscles have different velocities. If" can be 

therefore quite naturally assumed that particles flying 

with great speed are able to penetrate vast ■ tMötoessas of 

the atmosphere* 

Therefore, faster particles can reach, for instance? 

layer S of the ionosphere, while slower particles will have 

been absorbed • in the F layer. Corresponding to ?la.kipovass 

system,, the effect of the intrusion into terrestrial atmo- 

sphere of fast and slow- particles" will bo different* if the- 

former will cause, in the final count, deepening of fropo- 

spheric cyclonesf then the latter,'to the contraryt will fa- 

cilitate the charging of cyclones» The effect on anticyclones 

will have an opposite character»     ' 

It should be taken into account that the given exter~ 

nal. causes act upon a laeohajaisK^ constantly functioning 

in the- alrsosphere,,of interconnection of aerial currents in 



«cyclones and anticyclones* This, mechanism compensates the 

loss of the masses of air in the.deepening cyclones by means 

of a corresponding transfer of air to anticyclones^ that is^ 

simultaneously with the intensification of cyclones it 

causes an intensification of anticyclones or a widening of 

the region of their distribution«, 

Therefore the opposite character of the effect of solar 

activity in the intensity of cyclones and anticyclones' is 

not always expressed sufficiently clearly. 

The difference-of the- effect of corpuscular currents of 

different Jiardsiosa lis also^and for the same reason, not always 

clearly expressed*. 

'in 'insufficiently -oX«äy "eituati©»- &lm  oe¥S?" .when* 

in the current ofpasftieles i&vsätng tfe©terrestrial atmosphere 

there is no definite predominance of the 3s.ar& \ov cit the soft 

component|. that is, when the velocities of the particles are 

heterogeneous* An even greater complication is introduced 

into the resulting effect by the appearance of secondary 

particles, originating under the action of solar corpuscles 

In. upper' layers of the atmosphere» Velocities, of these par- 

ticlesf and consequently also their effect>can differ subs- 

tantially from the velocities and the effect of primary par- 

ticles of solar origin,. 

All of this greatly complicates and entangles hello* 

tropospheric relationships« hindering detection of that 



X. 

difference of reaction of fast and slov corpuscul.es about 

which ;- w© spot© above. notwithstanding the Increasing com« 

plexity of circumstances^ however, the given effect can be 

verified on empirical material« 

. Unfortunately, we do not have, yet sufficient data on 

direct measurement of energy and the velocities of corpuscles 

Observations of that kind became possible only during a very 

recent time? in connection with the rapid progress, in the 

field of rocket investigations of upper atmosphere and cos- 

rale space* we can hope that In the near future we shall ob- 

tain by means of rocket observations rich material for the 

■Immediate comparison of corpuscle velocities* While such ma- 

terial does; riOtr exist jit is permissible to use- indirect expo* 

nents from which .It is: possible to conjecture, if only very 

approximately, about the difference of the velocities of the 

corpuscles» Magnetic storms can serve as such exponents«. 

The author has established already in'1'9^9 and. pointed 

out In his report /'<,/    that the influences of solar activity 

upon atmospheric circulation during days characterized by 

magnetic storms of different intensity are different» In 

many instances the effects of storms belonging to the class 

of heavy and very heavy are opposite* 

Let us cite sone examples „ corraborating this assump- 

tion» 

The dates of heavy and very heavy storms for the period 

7 



from 1900 to 1939 were selected from Pavlov*s catalogue of 

magnetic storms* The number of eases of storms of the first 

■type appeared to be 122?of the second 56* All given dates 

were assumed to ba the zero day» Then, for these days and 

also for the three proceeding and'three follov/ing daysj, moan 

indexes of intensity of cyclonic and anticyelonie circula- 

tion were calculated according to the method indicated in 

reports /2j3A hho calculation mas. carried out for each of 

the eight regions of the synoptic catalogue used by the 

author, Fig,la represents the change of toe .cyclone inten- 

sity index in the first synoptic region (region of the lee- 

land minimum) Id* and Jüg, Xb8 change of the same index 
i a 

from the averaged, oata of air eight regions X_  » 
z 

As can be seen  from fig* 1. sharp changes of the in- 

tensity of emelones occnr after the sero dayt.that is, after 

the intrusion into the atmosphere' of th® particles that have 

caused the magnetic storm* It can be also clearly seen that 

changes of the intensity of cyclones.during heavy and very 

heavy magnetic storms have an opposite character,, 

Indicative is also the course of one of the combined 

circularion indexest li * -,-/ as represented in fig«, 2# 

Tire first component of this incieu represents by itself the 

mean intensity of cyclones in the fourth synoptic region 

(north of Europe)* and the second component <-* the mean in- 

Itensity of anticyclones in the seventh region (south of the? 



European territory of the USSR and the Caspl&nireglon). The 

given combined index reflects to a certain degree conditions 

of the West-East transfer on European territory of the USSR. 

3 «2    -t     0    +1    *2   *3 dm 

Fig» 1, Change of cyclone 
-intensity- in the Iceland . . 
region (a) in eight synoptic 
regions (t>) during days of very 
heavy (1) and during days of 
heavy (2) magnetic storms» 
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Fig, 2?,  Changes of the 
I* <*•■ iL  during days: of 
viry heavy (1) and 
during days of heavy 
(2) magnetic storms.» 

fcs can be seen from fig. 25 the changes of this index in 

9 



fieavy and very heavy magnetic storms are inverse. 

The changes of the intensity of cyclones and anticyclo- 

nes, computed lay individual regions, are not aniform ito 

character« The contrast of the change of these indexes dar- . 

■:ing magnetic storms of different classes is not always 

expressed as veil as on the averaged graph of fig«, lb; how- 

ever, at the present stage of the investigation we did not 

attempt to analyze all of the details but rather to demons- 

trate the principal possibility of an explanation of a diffe- 

rent effect of the outbursts of solar activity« 

It can be seen from the cited examples that increases 

in solar activity , accompanied by the ejection'of eorpuscu- 

■■les- of different energy can influence processes in the low- 

:ier layer of terrestrial atmosphere in a different manner* 

Yet? as ■ was demonstrated in M.S. Eigenson's /?/ and A»I. 

01 ss /V reports, corpuscular activity of the Sun changes 

substantially in time and systematic cyclical'changes of 

rigidity and direction of corpuscles are discovered besides« 

It follows therefrom ■ that during periods which differ sub- 

stantially as to the velocity of corpuscules intruding into 

the atmosphere, the character of heliotropospheric relation- 

ships can be sharply different, down to a change in the sign 

of the given relationships fron time period to time period, 

as well as- during shorter time spans* This type of changes 

of sun - atmosphere relationships, in particular, can take 

10 



Iplace .also during the transfer from one rotation of the surrj 

to another«- The origination of a 'powerful active focus on  ; 

the sun can be accompanied by the ejection of fast corpus- 

cles« Dinning repeated, passages through the central meridian ■ - 

of the hemisphere of the sun turned toward earth, this fo- 

cus can he a source of a  aofter "  corpuscular rs.diations 

and then the effect of the same active region will, be diffe- 

rent*.   ' •' ■ 

The hypothesis stated above is in need of ■■■ further co~ 

raboration by much experimental data* Observations carried 

out in the .framework of the IGX progra.ro. snsniae- a particularly 

substantial value in this respect«, The era has come when 

direct measurement of parameters of the corpuscular radiation 

of trie sun in eocnic space far beyond the limits of the ter-; 

reetxlal atrrioe.phe:r©: i$ accessible« All methods of indirect 

determination of the velocity of ccrpuscules should also be 

widely, utilised» Materials of ionospheric observations and 

observations of .auroras should also be encompassed^.besides 

geomagnetic data* ■ 

Long ago, in tha last century, a comparison was made of 

polar arrorae'with weather«. T.m  new development of meteoro- 

logy has brought muo'h enrichment from many other branches 

of geophysics* The problem of tho presence of any relationship 

between weather and polar aurorae or magnetic disturbances 

has anneared outside of the scone of scientific investiga-v 

ii ^ 



tions and the very posing of this problem was: considered \ 

unscientific«. At the present time this, problem acquires a 

deep physical meaning,and investigations in the given direc- 

tion open new vistas., in the exploration of the mechanism of 

sun - atmosphere relationships». 

BiBLioea&m  I 
_ /!/ Ben'kova N.P, and Kalinin Yu.D. Catalogue of magnetic 

-storms of the Slutsk magnetic observatory» Cosmic data? 

KQ-, 125-128.' 19^1.   .'.'''■ 

/2/ Vitel's L.A. On the definition of the circulation index - 

from data of the synoptic catalogue. Meteorology and Hy- 

drology, lo.5« 19**7. 

/3/ Vitel's L9A* Magnetic storms-' as solar datum points of 

atmospheric circulation* Bulletin of the Commission for the 

study of the Sun« No 4-1(15). 19^9 

A/ 01» A.I. Perennial change of the degree of direction of 

the corpuscular radiation of the Suna Bulletin of the Commi- 

ssion for the Study of  the Sun. Ko>7(21)*195'le 

/57 Rakipova L,R, On the mechanism of the relationship 

between troposphere and the upper layers of the atmosphere. 

Transactions of GGO, M. 28(96). 1951. 

/(>/  Rakipova L.R, Distribution of the mechanism of relation- 

ship between the upper and the lower layers of the atmo- 

fsphere on the F layer of the ionosphere» Circular of the 

•»««• 12 



/L'vov Astronomical Observatory, Ko.31» 19ü>'5« 

/7/ Eigenson M.S, Relationship between the intensity of 

solar phenomena, intensity of geophysical phenomena, rigi- 

dity and direction of heliocorpuscales* Bo.lI.etin of the 

Commission for the Study of the Sun, No, 1(1?)» 19%* 

IZfS EED 

13 



■\. 

FOR REASONS OP SPEED Alffi ECONOMY 

THIS REPORT MS BEEN REPRODUCED 

EXECTROPICALLY DIRECTLY FROM OUR 

.CONTRACTOR'S TYPESCRIPT 

THIS PUBLICATION WAS PREPARED UNDER OORTRACT TO THE 
Ulli TED STATES JOIST PUBLICATIONS RESEARCH SERVICE 
A FEDERAL GOVERNMENT ORGANIZATION ESTABLISHED 
TO SERVICE THE TRANSLATION AM) RESEARCH REEDS 

OF THE VARIOUS GOVERNMENT DEPARTMENTS 


